Accurate measurement of body temperature is an important indicator of the status of critically ill patients and is therefore essential. While axillary temperature is not considered accurate, it is still the conventional method of measurement in Asian intensive care units. There is uncertainty about the accuracy of thermometers for the critically ill. We compared the accuracy and precision of bladder, axillary and tympanic temperature measurements in critically ill patients.
For critically ill patients in intensive care units, important decisions regarding examination, treatment and intervention are determined by body temperature readings that are taken routinely [1] [2] [3] [4] . Although measurement of blood temperature via a pulmonary artery catheter is generally held to be the gold standard for core temperature, the insertion of a pulmonary arterial catheter is highly invasive and less invasive bladder, rectal, oesophageal, nasopharyngeal, tympanic or axillary temperature measurement is generally used. Of these, bladder temperature, which closely corresponds with blood temperature, is the most accurate [5] [6] [7] . Rectal temperature readings may be close to core temperature, however the changes may lag behind changes in blood temperature and stool may affect the measurement 6 . Although oesophageal and nasopharyngeal temperatures are as accurate as bladder temperature, positioning of the probe is often difficult 7 . Axillary and tympanic measurement is non-invasive, however practical problems in getting proper readings remain. To clarify the situation, we compared the accuracy of body temperature measurements recorded from the axilla, tympanic membrane and bladder.
MATERIALS AND METHODS
This study was a single-centre, prospective observational study. We obtained approval from the institutional Human Research Ethics Committee to conduct the audit and collect data related to the study. It was determined that no ethics review was required because the trial was classified as a 'lowrisk audit activity'. The necessity for informed patient consent was also waived by the ethics committee.
Patients
We enrolled adult patients who entered the intensive care unit (ICU) of the Tokushima University Hospital from February to June in 2011. Patients were excluded if they died within 24 hours of entering the ICU or did not have insertion of a bladder catheter.
Study protocol
Every four hours we simultaneously recorded tympanic, axillary and bladder temperatures from each patient. blood temperature was recorded from patients who had pulmonary artery catheters (774HF75, Edwards Lifesciences, CA, USA). Tympanic temperature was measured with infrared thermometers (MC-509, Omron, Kyoto, Japan) by ICU nurses who were trained in the measurement procedure. Axillary temperature was also measured by the nurses with electric thermometers (C202, Terumo, Tokyo, Japan) with a specified measurement range of 32-42.0°C, a precision of 0.1°C and a measurement duration of 90 seconds. After verifying that the probe tip was completely surrounded by axillary tissue, movement of the arm and the probe were avoided during measurement. bladder temperature was measured with an indwelling balloon catheter with a thermometer (14Fr 129614W for adults, 8Fr 119108W for children, bARD, NJ, USA).
Statistical analysis
The linear correlations of tympanic versus bladder temperatures and axillary versus bladder temperatures were evaluated. Differences between sets of measurement data were plotted as described by bland-Altman 8 .
RESULTS
We enrolled 73 patients and obtained 1793 sampling points (average 24 samples per patient, median=13). Table 1 shows patient profiles. Blood temperature data from nine patients was simultaneously obtained along with measurements from other sites ( Table 2) . These results showed a small mean difference (0.02±0.21°C) between bladder and blood temperature but there were greater discrepancies between axillary and blood temperature (-0.60±0.53°C) and between tympanic and blood temperature (-1.03±1.23°C) ( Figures 1, 2  and 3 ). bladder temperature ranged from 32.6-39.8°C. both axillary and tympanic temperatures statistically and significantly correlated with bladder temperature (Figures 4 and 5) . The correlation between axillary and bladder temperatures was y=0.79x+7.4 (R 2 =0.64) and the correlation between tympanic and bladder temperatures was y=0.60x+14.5 (R 2 =0.23). The mean difference from bladder temperature was -0.33±0.55°C for axillary temperature and -0.51±1.02°C for tympanic temperature (Figures 6  and 7) . The bland-Altman plots suggest that limits of agreement for axillary temperature readings were -1.42-0.75°C and for tympanic temperature readings were -2.51-1.48°C.
DISCUSSION
The major findings of the present study were that bladder temperature readings closely corresponded with blood temperature readings in critically ill patients and axillary readings more closely corresponded with bladder temperature than tympanic readings.
bladder temperature reliably and accurately corresponds with core body temperature [5] [6] [7] . LeFrant and coworkers reported that the bladder thermometer was more reliable than rectal, inguinal and axillary thermometers 7 . In our study, bladder and blood temperature readings also agreed with the mean difference being as little as 0.02°C. Once a sensorindwelling urinary catheter is placed, continuous and accurate monitoring can be maintained. by contrast, the reliability and accuracy of axillary and tympanic temperature measurement has been called into question [9] [10] [11] [12] . The body temperature of critically ill patients may be difficult to assess from surface sites due to cooling procedures, unstable haemodynamics, impaired heat distribution or poor peripheral perfusion. Axillary thermometry is safe, inexpensive and easily accessible. Axillary temperature reflects blood temperature because the probe is placed at the skin near the axillary artery. In our study, axillary temperature readings correlated with bladder temperature readings (R 2 =0.64). Our results match the findings of Farnell and coworkers 11 . They found in 25 ICU patients that there is a stronger correlation between axillary and blood temperature readings (R=0.81) than between tympanic and blood temperature readings (R=0.59).
Tympanic thermometry is quick and easy to use without risk of cross infection. Jefferies and coworkers suggested in a systemic review that tympanic and oral temperature readings were, on average, accurate as core temperature in critically ill adult patients within febrile range 13 . Fulbrook and coworkers reported in 60 ICU patients that tympanic temperature readings were more accurate and precise than axillary temperature 12 . Our findings, however, showed a poor correlation between tympanic and bladder temperature readings (R 2 =0.23). The reason for the discrepancy is not clear but is open to speculation. Fulbrook and coworkers took axillary temperature readings from both sides and averaged the two measurements, whereas we took axillary temperatures only from the non-cooled side when axillary cooling was being applied. because arteries near the tympanic membrane are narrow and the blood flow volume is low, reliable measurement of tympanic temperature demands far more care and skill than axillary temperature measurement 14 . It would be prudent to ensure that the external auditory canal was unobstructed, although we did not do this.
Limitations
This study has several limitations. First, we were unable to determine the factors contributing to the discrepancy between results from different sites of the temperature measurement. Second, because of the small number of patients it is difficult to extrapolate our findings to the general population of patients. Third, we cannot identify whether the observed differences existed in vasodilated states (such as sepsis) versus vasoconstricted states (such as cardiogenic shock).
CONCLUSIONS
bladder temperature readings corresponded quite closely with blood temperature. Axillary temperature readings taken from critically ill patients corresponded more closely with bladder temperature than tympanic temperature readings.
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